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TECHNICAL FIELD 

The present invention relates to a diaphragm for a loudspeaker used in 

various acoustic devices and a loudspeaker using the diaphragm. 

BACKGROUND ART 
10 A conventional diaphragm for a loudspeaker (hereinafter referred to as 

"diaphragm") is demonstrated hereinafter with reference to Figs 5 through 7. 

Fig 5 is a half sectional side view of the conventional loudspeaker. Fig 6 is a 

half sectional side view of the conventional diaphragm. Fig 7 is a plan view of 

the conventional diaphragm shown from its bottom. 
15 As shown in the drawings, magnetic circuit 5 is formed of yoke 2, disk 

shaped magnet 3 and top plate 4. Yoke 2, which is made of magnetic material, 

has a cyUndrical outer wall and protrudes a center of its bottom upward. 

Magnetic gap 5a is formed between a circular inside of the outer wall of 

yoke 2 and an outer circimiference of top plate 4. Neodymiimi or ferrite base 
20 magnet is generally used as magnet 3. 

Resin frame 7 is coupled with an outer circumference of yoke 2. A 

known means such as adhesivie, press fitting or outsert molding to resin &ame 7 

is used as the coupUng with yoke 2. 

Cone shaped diaphragm 1, which is formed of main body la of the 
25 diaphragm and edge lb of an outer circumference, is formed by resin-molding 

with its thickness thin. An outer circumference of edge lb is bonded to fi"ame 7, 

and an inner circumference of main body la of the diaphragm is bonded to voice 
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coil 6. 

Voice coil 6 is held by suspension 8 in such a manner that coil 6a, which 
is formed at a lower end of voice coil 6, is kept in magnetic gap 5a. 

An outer circumference of suspension 8 is bonded to frame 7, and an 
5 inner circumference thereof is bonded to voice coil 6. Dust cap 9 prevents a 
foreign body from entering into magnetic circuit 5. 

According to the loudspeaker constructed above, an audio signal is input 
from the outside (not shown) to coil 6a of voice coil 6, whereby voice coil 6 moves 
vertically by Fleming^s left-hand rule based on the audio signal. Then 
10 diaphragm 1 moves vertically, so that a sound is emitted. 

This kind of loudspeaker is disclosed in Unexamined Japanese Patent 
PubUcation No. H8- 149594. 

Recently, high soimd quaUty has been reqxiired for various acoustic 
devices, and diaphragm 1 has been required to be hghter for improving sound 
15 pressure. However, the following problems may occur by merely reducing a 
thickness of diaphragm 1 or using material having a low density for reducing 
weight. In a word, because an elastic modulus of the diaphragm decreases, 
divided resonance tends to occur at the diaphragm. As a resxilt, a 
sound-pressure -frequency characteristic extremely deteriorates. 
20 In the conventional loudspeaker mentioned above, it is proposed to form 

the diaphragm or rib by coinjection molding, however, its characteristic is 
required to be further improved. 

The present invention is directed to solve the problems pointed out above 
and aims to provide a high quality diaphragm having an excellent 
25 sound-pressure-frequency characteristic and a loudspeaker using the 
diaphragm. 



SUMMARY OF THE INVENTION 

The present invention provides a diaphragm for a loudspeaker having 

the following elements- 
three or more thick parts of odd nimibers formed radially from a center 
5 part to an outer periphery; and 

a semi thick part formed between the thick parts so as to become thinner 

gradually from the outer periphery to the center part. 

Furthermore, the present invention provides a loudspeaker using the 

diaphragm mentioned above. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view of a main body of a diaphragm shown from its 
bottom in accordance with an exemplary embodiment of the present invention. 

Fig. 2 is a half sectional side view of a loudspeaker using the diaphragm 
15 in accordance with the exemplary embodiment of the present invention. 

Fig. 3 is a soxmd-pressxire -frequency characteristic of the loudspeaker 
using the diaphragm in accordance with the exemplary embodiment of the 
present invention. 

Fig. 4 is a sound-pressure-frequency characteristic of a loudspeaker using 
20 a conventional diaphragm. 

Fig 5 is a half sectional side view of the loudspeaker using the 
conventional diaphragm. 

Fig 6 is a half sectional side view of the conventional diaphragm of the 
loudspeaker. 

25 Fig 7 is a plan view of a main body of the conventional diaphragm of the 

loudspeaker shown from its bottom. 
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DETALLED DESCRIPTION OF PREFERRED EMBODIMENTS 

A diaphragm for a loudspeaker of the present invention includes three or 
more thick parts of odd numbers formed radially from a center part to an outer 
periphery, and a semi thick part formed between the thick parts so as to become 
5 thinner gradually from the outer periphery to the center part. Thus, the 
diaphragm which can suppress divided resonance is obtained. 

Further, the diaphragm of the present invention further includes a web 
shaped thin part at an inner part of the semi thick part of the diaphragm. As 
a result, the diaphragm which can suppress divided resonance becomes lighter. 

10 Sill further, in the diaphragm of the present invention, the thick part and 

the semi thick part of the diaphragm are formed at a rear surface of the 
diaphragm. In short, a front surface of the diaphragm does not have a 
concavity or a convexity caused by the thick part and the semi thick part, so 
that disturbance of a phase of a sound wave, which is generated by vertical 

15 movement of diaphragm 11 in driving of the loudspeaker, can be prevented. 

Yet further, the loudspeaker of the present invention is structured by 
using the diaphragm discussed above, so that the loudspeaker, which can 
suppress divided resonance and has an excellent sound-pressxire -frequency 
characteristic, can be provided. 

20 An exemplary embodiment of the present invention is described 

hereinafter with reference to Figs 1 through 4. Elements similar to those 
shown in the conventional art have the same reference marks, and the 
descriptions of those elements are omitted here. In addition, it is emphasized 
that the drawings are schematic views and do not show actual dimensional 

25 relations between respective elements. 

(Embodiment) 
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A dififerent point between a loudspeaker of the present invention and a 
conventional loudspeaker is a structure of diaphragm 11. Diaphragm 11 is 
formed of main body 11a of the diaphragm and edge lib. Main body 11a of the 
diaphragm has substantially equiangular seven thick parts 11c extending 
5 radially from a center part. Between thick parts 11c, semi thick part lid 
which becomes thinner gradually from an outer periphery to the center part is 
formed, and substantially web shaped thin part lie is formed at an inner part 
of the semi thick part. 

A sound-pressure -frequency characteristic of the loudspeaker using the 
10 diaphragm of the present embodiment and that using a conventional 
diaphragm are respectively shown in Figs. 3 and 4. Each diameter of those 
loudspeakers is 16cm and each material of the main bodies of the diaphragms is 
polypropylene. 

Polymethylpentene, polyamide, pol5T)henylene ether, ABS, PBT, blended 
15 material thereof, alloyed material thereof, or the like is used as the material of 
the main body of the diaphragm. 

The main body of the conventional diaphragm is made by resin molding 
of an average thickness "t" = 0.2mm. Main body 11a of the diaphragm of the 
present embodiment is made by resin molding in such a manner that an 
20 average thickness "t" = 0.25mm at thick part 11c and an average thickness "t" = 
0.15mm at thin part lie. 

As shown in Figs. 3 and 4, the sound-pressure -frequency characteristic of 
the loudspeaker of the present embodiment shows extremely reduced 
disturbance and stable characteristic at frequency bands not lower than 1 kHz. 
25 This is because the main body of the diaphragm is formed asymmetry by 

thick part 11c of odd numbers, so that an axisymmetrical part is not formed, 
and besides, semi thick part lid is formed. In a word, flexural rigidity from a 
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center of main body 11a of the diaphragm to an outer part improves, so that 
divided vibration of natural resonance mode is suppressed. In addition, 
divided vibration of natural resonance generated in a circumference direction is 
also suppressed by semi thick part lid. 
5 Furthermore, main body 11a of the diaphragm becomes Ughter by 

thinning without deteriorating rigidity of web shaped thin part lie which is a 
part excluding thick part 11c and semi thick part lid. 

If rib shaped thick part is merely formed, fluidity deteriorates with 
another thin part in molding (injection molding). Thus, weld is generated, and 

10 not only an outward appearance but also a sound-pressxure -frequency 
characteristic is adversely affected. On the other hand, according to the 
present embodiment, fluidity in injection molding improves by semi thick part 
lid which becomes thinner gradually from the outer periphery to the center 
part. As a result, generation of weld is suppressed, and deterioration of an 

15 outward appearance or characteristics mentioned above, which is caused by 
fluidity in molding, is also suppressed. 

In addition, diaphragm 11 can be Hghter by making thick part 11c 
gradually thin to the outer periphery. 

Still further, according to the present embodiment, seven thick parts 11c 

20 are discussed, however, on condition that substantially equiangular three or 
more thick parts of odd numbers formed, the niunber of thick part 11c can be 
set optionally based on a shape of a loudspeaker or a diaphragm. 

According to the present embodiment, thick part 11c and semi thick part 
lid are not formed at a front svirface of main body 11a of the diaphragm, but 

25 formed at a rear surface of diaphragm 11. A concavity and a convexity are not 
formed at the front surface, so that disturbance of a phase of a sound wave, 
which is generated by vertical movement of diaphragm 11 in driving of the 



loudspeaker for sounding, can be prevented. 

According to the present embodiment, thin part lie is discussed as 
substantially web shape which is an arc shape directing &om an outer 
periphery to an inward as shown in Fig. 1. By making semi thick part lid 
5 larger mentioned above, possibihty of generation of weld decreases in molding 
main body 11a of the diaphragm. 

In a case where thin part lie is formed as an arc shape directing from 
the center to the outer periphery, thin part lie becomes larger (not shown), so 
that possibility of generation of weld increases more than that of the present 
10 embodiment. However, the diaphragm becomes hghter. As discussed above, 
a form of web shape of thin part lie can be set optionally based on material, 
thickness or the like of main body 11a of the diaphragm. 

As discussed above, the diaphragm of the present invention can provide 
an excellent diaphragm for a loudspeaker which can suppress divided 
15 resonance. 

A high quaUty loudspeaker can be provided by using this diaphragm. 

INDUSTRIAL APPUCABIUTY 

A diaphragm and a loudspeaker using the diaphragm of the present 
20 invention are widely appUed to devices, where a loudspeaker is to be motmted, 
such as various acoustic devices (e.g., in-car acoustic devices). 



